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ABSTRACT 



Method of reducing the anticomplement activity (ACA) resulting from viral 
inactivation treatment of a solution of antibodies, the method comprising contacting the 
solution with a trialkylphosphate, such as tri-n-butyl phosphate, and a detergent, such as 
sodium cholate. under conditions sufficient to reduce substantially the virus activity, and then 
incubating the solution under controlled conditions of time. pH, temperature, and «omc 
strength such mat the anticomplement activity is reduced to an acceptable level. In a preferred 
embodiment, the ACA is reduced to less than 60 CH* units/mL, the incubation is for at least 
about ten days at a P H from 3.5 to 5.0. the temperature is maintained within a range of 2 to 
50 8 C, and the ionic strength of the solution is less than about 0.001. 



2185859 



Patent MSB-7232 



BACKGROUND OF THE INVENTION 

Eidd This invention generally deals with an intravenously injectable immunoglobulin 
product, and more specifically deals with an intravenously injectable immune serum globulin 
(IGIV) which has been subjected to a virus inactivation step and which has a low level of 
sCnticomplcmcnt activity. 

' T^v f m„nd Early pharmaceutical preparations of immune serum globulins could not 
be administered intravenously due to an unacceptably high incidence of adverse reactions. 
These adverse reactions were associated with a decrease in serum complement levels, 
apparently caused by complement binding to the administered gamma globulin. (1) The ability 
of gamma globulin to bind complement, or its anticomplement activity (ACA), is greatly 
ircreased as a result of denaturation brought about during the fractionation procedure. Several 
approaches have been taken to address the problem of rendering ISG safe for intravenous 
administration. (See (2) and references therein). Tenold reported a method of prepanng an 
immune serum globulin (ISG) with low ACA which could be administered by mtravenous 
injection. (2. incorporated herein by reference). The Tenold '608 process requires formulaung 
the ISG at low ionic strength (preferably less than about 0.001) and at low P H (3.5-5.0). 

Other methods of preparing intravenously injectable immune serum globulin (IGIV) 
have been reported, including stabilizing with carbohydrates such as maltose (3). A process 
including incubation of ISG at P H 4.0 at 3V C (4) results in a product with low ACA wh.ch 
may be administered by intravenous injection; however, upon storage the product regains .ts 
high ACA. IGIV has also been prepared by covalent modification of the ISG, for example by 
proteolysis (5) or by reduction of disulfide linlcages followed by reaction with a blocking agent 
(1,6). 
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Antibody preparations, since they are isolated blood products, have an inherent hazard 
of transmitting virally-mediated diseases. Inactivation of viruses is an important step in 
producing safe and effective blood products. U.S. Patent 4,540.573 to Neurath et al., which 
is incorporated herein by reference, describes a viral inactivation process using a tnalkyl 
phosphate and deterge.-,, process (hereinafter, the solvent/detergent process, or SD process). 
(7) TTiat solvent/dete , vent method has gained acceptance as being efficacious m the 
inactivation of lipid-enveloped viruses with limited adverse effects on biological activity or 
blood product profile. (8. 15; See also 12 for a discussion of various viral inactivation 
processes). 

Current antibod> preparations on the market generally have been regarded as safe with 
respect to viral contamination. (9) This is thought to be due to features of the fractionation 
processes used to isolate these blood products. However, it would be desirable to further 
ensure the safety of the antibody preparations by including a distinct viral inactivation step in 
the production process. Successful reduction of viral activity in an IGIV solution was reported 
using several different methods of viral inactivation for a variety of viruses. (16, 17) A 
process for preparation of immunoglobulins substantially free of retrovirus has been reported 
involving incubation of ISG under controlled conditions of time, temperature, and pH. The 
process entails isolating ISG via a cold ethanol plasma fractionation process and then storage 
of the ISG at one of two storage conditions: (a) at pH* 4.25 at a temperature of 27° C for at 
least three days, or (b) at pH * 6.8 at a temperature of 45' C for at least six hours. (10). 

We have found that using the SD process to treat ISG preparations, especially those 
subsequently formulated according to the Tenold '608 patent, results in a product with an 
acceptable viral inactivation but with unacceptably high levels of ACA. Bevated ACA levels 
were always detected at the sterile bulk stage (i.e.. after compounding as 5% or 10% IGIV and 
filtration with 0.2 *m sterile filters) of all tri-n-butyl phosphate (TNBP)/detergent treated 
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preparauons regardless of process scale. Preparauons of ISG with high ACA levels axe not 
suitable for intravenous injection and instead must be administered via other routes, e.g. 
intramuscular (IM) injection. However, IGIV preparations are more desirable since they are 
immediately available in the bloodstream and are not subject to loss associated with IM 
injection. It is thus desirable to have an IGIV product which is both low in ACA and has been 
subjected to a viral inactivauon step. 

SUMMARY OF THE INVENTION 

The invention is a method for producing an intravenously injectable immune serum 
globulin (IGIV) preparation with low anticomplement activity which has been chemically 
treated to render it substantially free of lipid-cnveloped viruses. The method comprise, a 
solvent/detergent viral inactivauon step followed by an incubation step. We have discovered 
that the incubation step is necessary to achieve an acceptable level of ACA low enough to 
allow the ISG to be administered by intravenous injection. The incubation step should be 
conducted under controlled time, pH. temperature, and ionic strength. Preferably, the pH 
should be maintained between about 3.5 and about 5.0. the temperature should be within a 
range of about 2 to about 50' C. and the ionic strength should be less than about 0.001. In a 
preferred embodiment the ACA of the ISG preparation decreases gradually over a penod of at 
least about ten days when the ISG is maintained at a P H of about 4.25 at low ionic strength 
(less than about 0.001) and the viral inactivation step (in a model system) results in a 
substantial .edition (i.e. at least 4 logs) in the titer of lipid enveloped viruses. 

BRIEF DESCRIPTION OF THE FIGURE 

Tbe Figure shows a comparison of the typical average observed ACA levels of 5% IGIV 
solutions treated according to the SD process and with or without the follow-up incubaoon of 
the present invention. 
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SPECIFIC EMBODIMENTS 
Materials and Methods 

The starting material for the process of this invention is unmodified human immune 
serum globulin. In the specification and claims the term "immune serum globulin" is used to 
define the substance also referred to in the literature variously as gamma globulin, IgG and 
immunoglobulin G. It consists predominantly and preferably of at least about 85 percent of 
the 7S species of gamma globulin, which has a molecular weight of about 160.000. Any 
remainder is preferably 9S species, with a molecular weight of about 300.000. Both standard 
immune and hyperimmune serum globulins, eg., tetanus, rabies and hepatitis immune serum 
globulins, can be employed, the solvent/detergent treated product being immune and 
hyperimmune ISG. respectively. Thus, a suitable starting material for the process of this 
invention is Conn's Fraction II or Fraction m filtrate. (See Refs. 13. 14.) 

Fraction II, by ultracentrifugation studies, is predominantly (about 85 percent) the 7S 
(sedimentation constant of 7) species of gamma globulin with an average molecular weight of 
160 000. The remaining protein is essentially 9S material with a M.W. of about 300,000. 
Wet Fraction II paste (approximately 30 percent solids) i, commonly lyophilized to obtain dry 
ISG powder which is then dissolved and prepared for intramuscular injection as a 16.5 percent 
sterile solution. Either the *et Fr^rion II paste or the dry ISG powder is a suitable staring 
material for the process of this invention. 

Gamma globulin obtained by any process which has essentially the same composition of 
protein components as found in the Cohn Fraction II or Fraction ID filtrate car, be used as 
starting material in the present process. Both standard immune serum globulin and 
hyperimmune serum globulin can be employed as starting materials. As is well known, the 
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Utter is produced from plasma « — f "»" — ^ "* 

titers for a specific antibody than is no™* found in the ave^e population. These donors 
have either been recent., immunised with a particular vaccme or Ose they have rocentiy 
^vered from an infection or disease, n. high titer sera or plasmas are pooled »d 
Z^d to the usua. Cohn fractionation procedures up to lite pain, of isoUting Fraction ... 

• Funhermore. because fte amoun. of antibody retired u, achieve a desired 
immunologic., response is substantially .ess when adminisKred intravenously . .. w,U be 

1 *»— - - * — * - - t ; 

produce the same serum andbod, titer. Tbus, -he dose of intramuscular .SO and 
hyperimmune serum globutin must be higher man ft. reouired to achieve -he same sen,m 
altibody titer when giobuiin of the same andbod, activity is administered .nuavenously. 

H. starting we. paste or lyophHized power is dteoived in a volume of water or other 
physioiog^y-acceptabie carrier to provide a protein soiution «*<~^«~ 
0 5-20% prefer*!, about 5 to .0 percent. If Fraction ID filtrate .s employed, the aqueous 
^ntion must be concentrated b, convention*, techniques to the desired protein concen^ 
An , protein concentration ma, be used in tins method; however, the above range ,s preferred 
from a practical standpoint. 

After the protein has been dissolved or concentred, the solution is adjusted to a P H of 
ahou. 3 5 to 5 0 prefer*., about 3.8 to 4.2. by addition of a phvsio.ogicd.y-accep.abIe acd 
as hydrochloric acid. U genera., fte pH is adjust » a poin. whereat ft. monomenc 
the protein so.uti„n is maintained at a m»imum. However, the pH must no, be - 
Tas to result in geration. T*e -pemntre shou,d not be harmM to me K. —L Good 
.esu.tsareob^edwiftinfte^mperarurenngeofaboutO-JO- C. .. is no, necessary to 
M ft. so-adjusted materia, for any period of time prior to the next step; however, tire 
material may be held, if desired, without detrimental effects. 
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T„e protein solution a. the appropriate pH (preferably 3.8-4.2) may be diafiltered 
with a. least 4 volume echoes of water ,0 reduce me alcohol concentration from 
approximate., IT* (Fi.Ua K in) to about 2% alcohol. The e«cac, of solvent, as a 
vl inactivation memod is much betier at or above ambient ^P—res; however, h.gh 
^.rations of alcohol a. these temperatures wiU denature the IgG molecules. Thus. tins 
inactivation must be performed in low alcohol concentrate,. 

' N „, the protein concenuaoon of me so-treated material is adjusted to the level desired 
for incubatic-n with TNBP,de*rgent. generally less than 10% protein for maximum «l 
Novation. This adjustment is accomplished b, conventional techni,ues not detnmema. » 
,SG eg ultraftiuauon, reverse osmosis. sublin^on. evaporation, etc. Pnor to add.tion of 
TNBPMeiergent. the pH may be adjusted within a wide range, depending on the decent to 
„. used. With Tween 80, the pH may be as low as 3.5, where the !gG sums becormng 
unstable. With Cola*, me pH is adjust to within the range of 5.0 .- 6.4. prefenbly about 

5 6 prior to addition of TNBP/detergen, Satisfactory cholate solubility during tncubation was 
achieved by adjusting the immunoglobulin solutions to a pH of 5.5 or higher prior to addmon 
of TNBPand sodium cholate. Adjusting the IgG solution to pH values lower than 5.5 ,s no, 
suitable because the solubility of sodium chelate is highly dependent on pH <cholic ac,d pK - 

6 4, with poor solubility a, P H 5.5 or lower. Furthermore, maximum viral inacuvation 
during incubation with TNBP/cholate was „bser~d a, pH values less man 6.0 „me„ts 
which employed model viruses spiked into IgG solutions. The inactivation of HTV-1 and 
BVDV (bovine viral diarrhea virus, which is employed as a model for hepatitis O was 
accelerated at pi. 5.8. wim inactivation to th. deletion limit ocorrring in 1-2 hours, whereas 
inactivation to the detection „mi. reouired a minimum of 6 hours when pH 7 editions were 
used. 
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,„,w, P H 5 8, mixed thoroughly, and .hen incubated above ambient temperatures for 
Lip',. 30- C. with a— agi^on or mixing. Targe, TNBPrchola* 

choiate as defined by Edwards etal. (8) Moreover, for effective viral .roctivabo . tits 
™ ft. the slon is essentiaUy free of particular in order to ~ « 

these conditions, greater than 5.2 log,, reduction of mv-l and greater than 4.0 logl0 
reduction of BVDV were detected. 

Aft er competing the incubation which provides the vu* inactivation, the solvent and 
decent molecules must be removed in order ,o achieve a finai product «*„ iow ,eve!sof 

TNBP and choU* which would be suitable for inbavenous adrnn— Gently, 
p^cedures ,o remove decent are also effective in removing TNBP. and v,ce vers, Vcn- 
cw ,eveU of TNBP and choraie in fte final — can be achieved by a combtnabo of 
fi, ^tion, diafiibation and hydrophobic chromatography. After completing -he.— . ft. 
majority of cholau, (and TNBP) can be removed from the protein solution by ^on^ 
p^ding the motion had been previous,, adjusted to a ,wer pH vaiue 
Lium M. is sparing,, soluble in a,ueous sections a, such pH v*ue, M «««. * 
processing steps which foUow fte soivent/detergent incubation are performed a, .owe pH 
values <i.e.. 4.0) because fed moiccules are « stabie a. pH vaiues berween 3.5 - SA tn 
I, ionic strength soiutions. a, Tnus. after incubation with THB~. fte pro^ 
sciution is adjust to approximate* pH 4.0 and — uO-VC .» «*. - 
choiate precipitation. Next, filtration is employed to remove fte precpnated choiate from 

IgG solution. 
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TU *>-uea,ed soiution is diafiltered with « 1— ">»' «*« ""^ ° f " 

. -rvmp and cholate. After or during the 
reduce the ionic strength and to remove additional TNBP and 

, .tment the P H is measured and maintained within the range of about 3.5 - 5.0. The 
above treatment, we pri is " ,c " ucuallv 13% (w/v) by 

orotein concentration of the so-treated material is adjusted to 10 - 30%. usually ( 
protein conccnu* ultrafiltration, reverse 

employing conventional techniques no. detnmemal . „ malnBined .a* 
osmosis. sublimtfion, evaporation, etc Again the pH of the preparauon 
Ac range of about 3.5 - 5.0, preferably about 3.8 - 4.2. 

I. the present invention, hydrophobic ductography is employed to remove *. 
™BP 1 chle not e,imi„a.ed b, the fiction and diattuation s,eps. and .bus prov.de a 
1^ prl win. .ow ieveis of residua. TNBP and cboiate which is suitabie for .ntravenous 
final product wiu» iu removal from protein 

administration. Hydrophobic chronuuography . a memod for ™* ^ 
„ ft. has fewer drawback and limi-ations dun outer avatiablemethod such, oti 
^tion ion exchange or affinity chromatography. ,„ par,. Uus .s because .he pn»em of 
"agG) remains in soiution throughout the TNBP removal process. Folystyrene-based 

XXtl *- — • as we have found the polyst^ne-based resins ,0 be supeno, 
to other resins, such as silica-based C-18 resins. 

N e« ft. 1SG preparation is adjust .o 5% or 10% orcein, and ^J>^ 
■ I render it compatible with physiological conditions, or render it phys,olog.cally 

H .90 mosmo^g solvent. More preferably, the tonicity range .s ^^°^2S 
350 mosmo, k g solvent, and most preferably the tonicity range .s ftom 

osmol/ta solvent The 5% formulation (5% 1GIV) is made tome by the addmon of 
ZT^T. — cousins 0. M glycine in order to achieve an iscmc 
X^tion without large quantities of sugar. T. P-duc, -* — — 
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. mune N 5% o, GamimuneW .0%) experiences shifts in molecular distribution 
sodium chloride, which is often used to thieve tonicity, shouid not be used. 

m ^trean* solution is incubated at pH 4.25 under ,ow ionic strength conditio. 
.NLT 21 days a. 20 • 27- C prefer^) in order to provide a lowenng of ACA .eve,, The 
^1 is d«ennin=d according to Pen* ( ,S, and in a preferred embrftm « * ~ 
Zt* L* be less than about 0.00,. Bevated ACA .evets were ^ 

U of TN-W*— — «™ W— ° f 7 

Jt • H.Hon a t nH 4 25 under low ionic strength 
ap a levels are gradually lowered by incubaoon at pH uno« 

d dol ales 3 5- 7). While there is no strict rule for delerminuig when the ACA level 
conditions (lames o f -> • inrv 

is low enough »^ accept level suitable for inrravenous adrntmstration. IGtV 

preparations should have ACA levels as low as possible. 

The Figure depicts the typical average reduction of ACA observed in « ' GIV 

oling sl _ For a 5 * ,SO formulation the acceptable, «£*r 
Lvenous-administration preferab,, wou.d be .ess than about 45 — 
preferably less than about 30 C Hj0 unitsML. For a ,0% ,SG forntuUuon. * 
Le, suitab, for intravenous administration prefer.,, ~ -* - 

units/mL. and more preferab,, less than about 45 CH, umts/mL. " ^ ^ of 
ACA activity (one CH M unit) is defined as the amount of protetn capable of acovaung 
LtmpJLl, in an optima,* titered comment and red b,cod me 
a^y measures tite amount of complement Out is bound by the mi*ure of standardued 
assay measures 19 .20 for a discussion of the assay. Bneily. 

amounts of complement and protein. Secrets, w ,„ Hh odies are 

blood ceUs that have been sensitized by preincubation with red biood ce» anobod.es 

^d b, the protein, these sensitized cells wi„ „se. releasing ^ * * - * 
^tiutedasame-ureofthedegreeoflysis. tnparaUel, sens,u*d «^ 
added to a buffer contro,^mp,eme„t mUture. whose degree of lysts ,s defined as ,00% 
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difference between the actual amount of complement needed to give 100% lysis and the 
amount of complement remaining unbound in the presence of protein equals the amount of 
complement actually bound by the protein, or anticomplement activity. 



Results 



Anrimmpirni^nt activity o f isci rt»<miriny from viral inarrivarinn nmces s 

- To establish the effect of the SD viral inactivation process on solutions containing ISG 
which are formulated according to the Tenold '608 patent, the experiments depicted in Table 1 
were performed. The starting material (SM) was Conn process filtrate m which had been 
ultrafiltered to about 5% protein and then diafiltered with four volumes of water. 

In the control experiment, incubation (-)/SD (-), the SM was not subjected to any 
incubation or solvent/detergent treatment. In the incubation (4-)/SD (-) experiment, the pH of 
the SM was adjusted to 7.0, the solution was incubated at 30° C for ten hours, and then the 
pH was reduced to 4.0. In the incubation (+)/ SD, TNBP & Tween 80 (+) experiment, the 
pH of the SM was adjusted to 7.0, 3 mg/mL TNBP and 2 mg/mL Tween 80 were added to the 
solution, the solution was incubated at 30° C for ten hours, and then the pH was reduced to 
4.0. In the incubation (+)/SD, TNBP & cholate (+) experiment, the pH of the SM was 
adjusted to 7.0. 3 mg/mL TNBP and 2 mg/mL cholate were added to the solution, the solution 
was incubated at 30° C for ten hours, and then the pH was reduced to 4.0. The solutions in 
each experiment were then diafiltered with four volumes CWFI (cold water for injection) and 
concentrated by ultrafiltration. After addition of dry maltose to 10% w/v, the 5% IGIV 
solution (pH 4.25) was filtered through a 0.2 urn filter. 
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Table 1 

Anticomplement activity in 5% IGIV produced by 
..^ 8 » »c nf the Solvent/Peter^ nt IGIV Process 

ACA 




Control 

(no solvent/detergent treatment, 
no 30" C incubation) ; 



25 



Incubate at 30° C for 10 hr 
(no solvent/detergent) 



22 



Incubate at 30* C for 10 hr 
NLT 3 mg/mLTNBP 
NUT 2 mg/mL Tween 80 



68 



Incubate at 30" C for 10 hr 
NLT 3 mg/mLTNBP 
NLT 2 mg/mL chelate 



> 100 



J * These samples were assayed for ACA after final 
compounding according to the Tenold '608 patent, but they 
weTnot inclbated at P H 4.25 and 22» C pnor to analyse 



The results listed in Table 1 show that levels of ACA increased in IgG samples after 
incubation with TNBP/cholate or TNBP/Tween 80. ACA levels were not elevated in IgG 
samples that were incubated for 10 hr at 30' C in the absence of solvent/detergent. Tbese 
results suggest that ACA levels of IGIV samples were not elevated by either processing 
ovulations or incubation for 10 hr at 30' C in the absence of solvent/detergent. 
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Table 2 

Anticomplement activity in 5% IGIV 
cpikgrf with TNBP/N a cholate 

ACA 




5% IGIV with 100 Mg/mL 
tmbp i nn up/mL Na cholate 



is 



Furt _ spiking events (with TNBP and Na cholate. Table 2, have demonstrated 
« the devated anticon,p.emen. activity .evels were no. artifacts caused b, carrytng out the 
sna c 0 n,p..n,cn l a SS ayin«.e P resenccofuac«l e ve 1 sofTNBP/Nac h ola K . m,s, 

prior ar, SD process fo, viral inactivation of a solution confine .SO, subsequently 
formulated according to the Teno.d '608 patent, yields a product which has high ACA and ■ 
unsuitab.e for intiavenous administration, in a simuar crimen.. SD treated samp.es wntch 
were not incubaKd (Table 3. Initial Testing) had ACA levels greater than .00 untts. 

Table 3 

Reduction in Anticomplement activity of 
~~ r .~ previously treatc* vttth TNBP/chotate 

ACA (CH 50 /mL) 
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However, when duplicate SD treated samples were incubated for extended periods of time (6 
weeks at 5° C and 3 weeks at 22° Q, the level of ACA was markedly reduced (Table 3, after 
incubation). This led to further investigation of this surprising observation. 

A f prftf ate rnntcnt of I Sfi ftpovsd to TNBP/cholate 

The samples of the previous experiment (Table 3. Initial Testing) were analyzed by size 
exclusion (gel permeation) HPLC immediately after compounding to determine the extent of 
aggregation of the IGIV at the initial time point. HPLC analysis shows nearly complete 
monomer content in the samples. (Table 4). 



Table 4 



RTT r ooalv^U of non-incubated 5% IGIV samples (Table 3 Initial) 


i Sample 


Aggregate 
(%) 


Dimer 
(%) 


Monomer 
(%) 


Fragment 
(%) 


RB21872-16, initial 


0.140 


0.00 


99.86 


0.00 


RB21872-17, initial 


0.146 


0.00 


99.85 


0.00 


RB21872-18, initial 


0.124 


0.00 


99.88 


0.00 


\ RB2 1872-20. initial 


0.172 


0.00 


99.83 


0.00 



Previously, high IgG aggregate levels were shown to correlate with high 
anticomplement activity. However, results from analysis of the samples show the level of 
ACA in the samples to be greater than 100 units. (Table 3, 'Initial Testing 1 ) The HPLC 
analysis shows that the high ACA following the TNBP/cholate treatment was not due to the 
presence of aggregated IgG molecules. 



13 



2185859 



The SM was the same as in the previous experiment, and experimental conditions were 
similar with the following changes. The solutions were treated with TNBP/cholate at pH 7.0 
and then were compounded to 5% IGIV. 10% maltose, P H 4.25, as above. The ACA was 
assayed immediately after final compounding, after a first incubation for nine days at 5' C. 
and after a second incubation for 21 days at either 22' C or 5' C. The results are presented » 
Table 5. 

Table 5 

ACA of TNBP/cholate treated IG IV samples 

ACA (CiVmL) 




in the initial sterile bulk sample, which was treated with TNBP/cholate at P H 7.0. the 
level of ACA was again greater than 100 units for the initial time point, confirming the 
observations noted in Table 3. Upon incubation at 5' C for nine days, the ACA remained 
greater than 100 units. The final incubation step at either 5' C or 22' C shows that the 
reduction in ACA is dependent on temperature, with faster reduction in ACA observed at 
higher temperatures. 

p ffrft nf p H flurinp solvrnt/f Vt<>r ? ffnt fTr?tmpnt nn 

ACA levels were evaluated after incubation with TNBP/cholate at pH 5.8 because 
better viricidal activity was observed at pH values less than 6.0. Generally, the non-incubated 
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sterile bulk samples of material incubated a, pH 5.8 ha. lower ACA levels than the pH 7.0 

^pies bu. ft. trend of towering ACA upon incubation was repeated in ft. pH 5.8 sample,. 

,„ fac,. the ACA .evels continue to decrease beyond .he 2. day incubation in sanies ft. 

ininaU, had eievated ACA .evds after incubation with TOBP/choiate « pH 5 8 CTable fl As 
was previous,, noted for ft. samp.es incubated a. pH 7.0, ft. lowering of ACA was no, due 
to dlasing levels of aggregaKd «. ~ because ft. maKria, treated ^ 
e^oaUy .nonomeric Ig O prior to »• C incubation (HPLC analysis, sample A4. Table 8). 



Table 6 
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SimUar results were achieved with samples formulated to 10% IGIV. 0.2 M glycine in 
the sterile bulk stage. Upon incubation at low ionic strength at P H 4.25 for 10 and 21 days, 
the levels of ACA were seen to decline in both 5% IGIV samples and 10% IGIV samples. 
CRible 7) The decrease in ACA can thus be observed over a range of ISG concentrations and 
over a range of pH values for the solvent/detergent treatment. (Tables 3,5,7) HPLC 
analysis (Table 8) of the sterile bulk samples presented in Table 7 confirmed that the elevated 
ACA levels were not due to aggregation of ISG molecules. 



Table 7 

ACA of samples treated with TNBP/e hoIate at pH 5.8 

Sterile bulk I 10 days I 21 days 
(day zero) 



Sample 



(CHjo/mL) 




10 days 
incubation at 
20 - 27°C 
(CHgo/mL) 



incubation at 
20 - 27°C 
(CH 30 /mL) 



Taken together, the above results suggest that ISG products which have been subjected 
to a solvent/detergent viral inactivation process resulting in an undesirable ACA increase can 
be made suitable for IV administration by incorporating an additional incubation step under the 
conditions described here to reduce the ACA to an acceptable level. 
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CONCLUSION 



The ACA increase resulting from the solvent/detergent treatment of the IGIV 
(anab ody) solution appears to be an unavoidable secondary- effect of TNBP/detergent _ 
to inactivate viruses in the solution. I have discovered that by incubating the soluuon of IGIV 
at low pH (4.25) and low ionic strength (0.001) for a relatively long period of ume (at least 
about 10 days), the ACA gradually decreases over the period of incubation. 

The prior art discloses a method of producing IGIV (the Tenold '608 patent) using low 
pH and low ionic strength. T*e Tenold '60B method omits the viral inacuvation step, and thus 
avoids the problem of increased ACA, but the possibility of viral activity remains. Unhke 
Tenold, incubation is an essential aspect of the present invention for reducing the ACA. 

The Neurath et al. '573 patent teaches the solvent/detergent viral inacuvation step. 
However Neurath '573 does not mention con.olUr.g the P H and also does not menbon any 
consciences of the process relating to ACA. Elevated ACA levels were detected at the stenle 
bulk stage of TNBP/cholate treated IGIV preparations. However, ACA levels decreased upon 
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incubation for at least about 10 days at pH 4.25. .ow ionic strength, and not less than about 
20° C (Sec Tables 5-7) The prior art describes several approaches to lowering ACA levels 
of purified IgG preparations, including removal of I.G aggregates. (1 1) I* aggregates have 
been shown to activate the complement system in vivo. (1) In the present invention, however, 
lowering of IgG ACA was not due to decreasing levels of IgG aggregate, because the* 
TNBP/cholate treated IGIV preparations contained low levels of aggregated IgG (as measured 
' by HPLC, Tables 4, 8) prior to incubation under such conditions. 

It would be desirable to produce substantially virus-free IGIV, but following the prior 
an results in a product with an unacceptable level of ACA. Note that Tenold '608 
One product is substantially free of ACA, but use of the SD process in conjunction w* Tenold 
•608 does result in high levels of ACA: experimental results reported here show that treatxng 
ISG solutions with the SD process and then formulation according to the Tenold '608 patent 
leads to a product with high ACA. (See Tables 1 . 3, 5-7) The surprising finding reported here 
is that a follow-up (terminal) incubation step lowers the ACA of the solvent/decent treated 
solution. T*e typical average observed ACA levels of 5% IGIV solutions treated according 
the SD process and with or without the follow-up incubation arc compared in the F.gure. The 
present invention thus includes a previously unobserved method of reducing the ACA by 
incubating under controlled conditions of pH. temperature, and ionic strength for a penod of 
time, thus allowing the product to be administered by intravenous injection. 

Mitra -714 does not suggest the use of a S/D process but. instead, reports that a 
relatively brief incubation of an ISG product under similar conditions results in a substanbaUy 
virus free preparation. (10) However, employing incubation under such conditions to prov,de 
a lowering of anticomplement activity is a novel application of these incubation condmons 
which were previously employed in the IGIV process for inactivation of enveloped viruses. 
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^didon, ~ -ford to. ACA levds ft« - .«*•• 'V adm— „. 
. „. above **— b toX* - «— «- ^ " ' S U ' , ° 0Bht Valiaa °" S 

should be limited only by the claims below. 
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, rc nf the .nvcntwn in which an exclusive property or 
r^^rr^^aenoea as .Uovs: 



b) 



A «U,od of Ueaong a soh,tio„ of ant*odies which ma, have vi™s activity, the 

method comprising 

a) contacting the solution with a phosphate „d a detergent under 
conditions sufficient to substantially reduce any virus activity and 
resulting in a given level of anticomplement activity ; and 

ften incubating the solution of step a) under conditions of controlled 

„ ,„h ionic strength, such that the anticomplement 
time, pH. temperature, and ionic strengu., 

. - • to an acceptable level suitable for 

activity of the solution is reduced to an acccp 

intravenous administration. 

.„ nt , c tivitv is reduced to less than 

2 . xhe method of claim 1. wherein the anticomplement activity 

about 60 CHjo units/mL. 

, of cu,™ .. whetein *. «*«*■ — — 5% " J -- ^ ^ 

the anticomplement activity is less than about 45 CH50 units/m' .. 

oKrM,t wt /wt. antibody and 
a Tne -«h=d of claim 3. when=u, the solution compnses about 5 S wU 

' „,» anucomplemen. arfvity is less to about 30 CH„ unitstaL. 

5 ^ method of cUim .. wherein the solution comprises about .0* wt,wt. anobody 
' and the anticontplement activity is less than about 60 CH50 units/itiL. 
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t n. ntethod of claim 5. wherein .he solution comprises about .0% wUw, andbody 
a* me ^complement activity is less than about 45 CH*, un.ts/mL. 

7. Tbe method of claim 1, wherein the incubation is for a. least about ten days. 

8. ThemeUtodofcUim ,. wherein the pH is maintained within a range of about 3.5 to 
about 5.0. 

... „„ n ,„ maintained within a range of 2° C 

9. The method of claim 1 . wherem the temperature is maintain 

to 50° C. 

,0. The method of Oaim 1. wherein the ionic strength is less than about 0.001. 

«. The method of claim .. wherein at least about 99% of the anybodies are monomeric. 

„ The meUtod of claim I . comprising the further step of adjusting the toniciry of the 
Tution to a physiologic value under such conditions that the ionic strength ,s n,, 

appreciably altered. 

,3. me meUtoo of Calm 12, wherein the tonicity of Ute solution is adjusted b, adding a 
carbohydtate to the solution. 

14. me method of claim 13. wherein the carbohydrate used is maltose. 

15 . rnemethodofclaim 12. wherein the tonicity of the solution is adjusted to a range of 
about 230 to about 490 mosmol/kg solvent. 
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16. The method of claim 15, wherein the tonicity of the solution is adjusted to a range of 
about 274 to about 309 mosmol/kg solvent. 

17. The method of claim 12, wherein the tonicity of the solution is adjusted by adding an 
amino acid to the solution. 

18. The method of claim 17, wherein the amino acid used is glycine. 

19. The method of claim 1, wherein the trialkylphosphate is tri-n-butyi phosphate and the 
detergent is selected from polysorbate 80 and sodium cholate. 

20. The method of claim 1, wherein the solution has a pH between about 3.5 and about 6.0 
during step a). 

21. An intravenously injectable immune serum globulin preparation produced by the 
method of claim 1 and substantially free of lipid enveloped viruses, wherein the 
preparation has an ionic strength less than about 0.001, a pH between about 3.5 and 
about 5.0, an antibody concentration of about 5% wt./wt., and a maltose concentration 
of about 10% wt./wt. 

22. The preparation of claim 21 , wherein the pH is about 4.25. 

23. An intravenously injectable immune serum globulin preparation produced by the 
method of claim 1 and substantially free of lipid enveloped viruses, wherein the 
preparation has an ionic strength less than about 0.001, a pH between about 3.5 and 
about 5.0, an antibody concentration of about 10% wt./wt., and a glycine concentration 
of about 0.2 M. 

24. The preparation of claim 23, wherein the pH is about 4.25. 
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